Background: The worksite represents a promising venue in which to address the issue of obesity. Setting/participants: A random sample of 806 employees was selected to represent the workforce of six hospitals in central Massachusetts.
Introduction
T he overweight/obesity epidemic is resulting in profound health consequences. [1] [2] [3] [4] Approximately two thirds of U.S. adults are overweight or obese, 5 with an alarming increase in rate in recent decades. 6 Most U.S. adults gain 1 to 2 pounds per year. 7 This gradual increase in weight could lead to a continually climbing overweight/ obesity prevalence, 8 with tremendous public health impact. Numerous weight-loss and weight-gain-prevention interventions have been developed. Psychosocial and cognitive-behavioral strategies targeted at individuals have had limited success in reaching large segments of the population and sustaining long-term outcomes. 9, 10 Ecologic frameworks emphasize that behavior is influenced by psychological and cognitive factors and its environmental context. 11, 12 Interventions incorporating multilevel strategies guided by ecologic frameworks are increasingly common and hold promise for reducing the obesity epidemic. employers 17 hoping to reduce direct medical care and health insurance costs, absenteeism and disability claims, and to improve productivity. 18 -24 Because most workingage adults spend the majority of most days at work, these interventions allow large segments of the population to be reached. 25 Common systems for communication, education, and support present opportunities for the introduction, adoption, and maintenance of healthy behaviors. 26 Recognizing the potential of worksite-based weightgain-prevention interventions, the National Heart, Lung, and Blood Institute (NHLBI) launched a special initiative: Overweight and Obesity Control at Worksites. 27 It funded seven worksite projects nationwide to test the effectiveness of ecologically based interventions at preventing and reducing overweight and obesity. This paper describes the results of one of these projects, the
Step Ahead trial, which tested the effectiveness of a multilevel intervention on weight-gain prevention among hospital employees. This study also investigates the relationship of participation in intervention activities with weight-gain prevention and the effectiveness of the intervention on change in measures of the ecologic conceptual framework.
Methods

Objectives and Hypotheses
The study goal was to test the effectiveness of a worksite intervention on weight-gain prevention. The hypothesis was that the intervention would prevent weight gain among employees at intervention hospitals, whereas employees at control hospitals would gradually gain weight at a rate consistent with the national adult population. The trial was designed with 80% power to detect a minimum difference of 0.5 BMI units between employees in the intervention site and those in the control site at a two-sided alpha level of 0.05, accounting for number of clusters.
Study Design
The study was conducted at six member hospitals of the largest healthcare system in central Massachusetts. The study used a cluster-randomized design in which the unit of randomization was the hospital and the unit of analysis was the individual employee. Hospitals were matched into pairs according to size and level of service. Within each matched pair, one site was randomized as an intervention site and one as a control. Overall, 6910 employees worked at the six hospitals at least 20 
Study Cohort and Recruitment
An employee cohort was selected to determine the effectiveness of the site-based intervention at the individual level. The cohort was intended to represent the employee population. Random samples were drawn from the human resources records of each hospital, stratifıed by gender and minority status. A random sample was selected from each stratum, with oversampling of male and minority employees, ensuring the ability to perform subgroup analysis by gender and race/ethnicity in a predominantly female and non-Hispanic white workforce.
A study invitation letter signed by the principal investigator and the hospital president was sent to targeted employees' work addresses. Letters in both Spanish and English were sent to employees listed as Hispanic in human resources records. The letter invited participation in a study to test ways of preventing weight gain in employees, and it described how they were selected; in addition, it provided telephone and e-mail contact information to set up an initial visit, ask questions, or refuse participation. Enrollment was completed in scheduled drop-in sessions or individual appointments. IRB approval required that project staff attempt additional contact only by work telephone, pager, or mail following a standardized protocol. To enroll housekeeping employees who lacked work mailboxes and telephones, invitations were distributed at time clocks during shift change, and the study staff made an informational presentation at a staff meeting. Enrollment visits were conducted at all hours of the day/night at the employee's convenience. No special efforts were made to encourage evaluation cohort members to participate in intervention activities.
Cohort members were screened to meet the following inclusion criteria: (1) aged 18 -65 years, (2) able to understand and communicate in English or Spanish, (3) not planning to leave employment in the next 2 years, (4) working at least 20 hours per week, (5) not working in more than one participating hospital, (6) no impediment to being weighed and measured, and (7) not pregnant. A 6-month washout period following study enrollment was included. Employees were excluded if they were no longer eligible at this time point (e.g., left employment) or if they had dropped out of the study.
Intervention
People's behavior is influenced by how other members of their cultural and social networks behave and their perceptions of this behavior. 28 The intervention was designed to promote organizational and social norms related to healthy eating and physical activity in the worksite. Ecologic frameworks posit that sociocultural and physical environments and individual characteristics influence an individual's behaviors. 11, 29, 30 The intervention targeted organizational and interpersonal norms. At the hospital level, intervention strategies targeted organizational leadership, climate, culture, and capacity to promote an environment supportive of weight control and associated behaviors. 31 Interpersonal-level intervention strategies focused on work-based relationships and aimed to promote an environment supportive of physical activity and healthy eating within existing social networks. 32 Intervention messages aimed to improve employee knowledge, self-effıcacy, behavioral capabilities and outcome expectancies, consistent with social cognitive theory. 33 The control condition received no intervention. The intervention was refıned based on formative research. 34 Intervention hospital employee and leadership advisory committees helped develop site-tailored strategies. Each strategy lasted the entire 2-year period.
A social marketing campaign integrated all program activities using common logos, themes, and messages. Primary sources of project information were a weekly newsletter, a website, and an information center with print materials centrally located in each hospital.
Environmental strategies promoting physical activity included stairway signs using messages from CDC's Stair-WELL campaign 35 and additional messages unique to Step Ahead. Signs were placed at elevator waiting areas, stairwell entrances, and every stairway landing. Indoor (10 minutes/0.5 mile) and outdoor (20 minutes/1 mile) walking routes and maps with mileage and step counts were developed at each site. "Walks with the President" were held, whereby groups of employees took a 20-minute walk on the walking route with the president to meet and chat.
Environmental strategies promoting healthy eating included cafeteria signs noting nutritional information of most food and beverage items. The project dietitian worked with food services staff to provide healthy menu options, defıned as whole grains; low-saturated fat; lean protein (focusing on fısh, chicken, legumes, and eggs); and fruits and vegetables. Special cafeteria events were held to coincide with other Step Ahead activities. For example, during a 6-week virtual walk around the Mediterranean Sea (described below), weekly healthy entrees highlighting the cuisine of different countries were offered. At two intervention hospitals, a weekly seasonal farmers' market was held. Permission for a farmers' market was not obtained from hospital leadership at the third intervention site.
Strategies promoting interpersonal support included periodic campaigns and challenges targeting physical activity, healthy eating, and weight maintenance and loss. For one, a virtual walk around the Mediterranean Sea, groups/individuals submitted time or total number of steps taken on a paper log or by e-mail weekly for 6 weeks. These were converted into miles, and hospital-wide progress was mapped and displayed at the Step Ahead information center (described below). Group and individual prizes were given. Interpersonal support and group activity also were promoted by toolkits for Walking Groups and Healthy Potlucks.
A display and workshop series, a weekly newsletter, recipe books, and other print materials were developed as strategies targeting individual knowledge, skills, and behaviors. Displays were set up at least weekly at each hospital cafeteria and lobbies during meals and between shifts, at the farmers' market and at events for hospital employees, such as benefıts fairs and immunization clinics. Each display focused on one topic, such as quick and healthy dinners, moving indoors, and healthy holidays. A 30-minute workshop focusing on strength training was conducted monthly. A simple 10-minute routine with an illustrated handout and a resistance band were provided. A weekly one-page newsletter was distributed by e-mail, on the website, and at information centers. It included an article on a healthy weight-related topic, a recipe, and a quick tip on incorporating healthy eating and physical activity into daily routines. Seasonal recipe books and print handouts were available on the website, at information centers, and at workshops and displays.
Data Sources and Measures
Employee cohort members completed assessments at baseline, 12-month follow-up, and 24-month follow-up. Assessments occurred in meeting rooms or private offıces at worksites before or after work, or during scheduled breaks. Assessments were conducted at all day/night hours to accommodate all shifts. Data sources included human resources records, anthropometric measurements, and a 30-minute self-administered survey that was either completed at the time of anthropometric measurements or returned via mail. Employees received a $20 gift card for completing each measurement time point. No efforts were made to contact those no longer working at the hospitals at follow-up.
The primary outcome measure was change in BMI. Weight measurements were taken by trained staff using portable digital scales with readings to the nearest 2/10th pound. Heights were measured to the nearest 1/8th inch using portable stadiometers. Weight and height were converted to metric scale and BMI calculated as weight in kilograms divided by height in meters squared (kg/m 2 ). A secondary outcome measure included a dichotomous indicator of weight-gain prevention from baseline to the 24-month follow-up (change of 0 kg/m 2 or less vs Ͼ0 kg/m 2 ). Measures of the ecologic conceptual framework were included as potential intervention mediators. 36 Employee perception of organizational commitment to employee health was measured by the four-item subscale of the Worksite Health Climate survey (WHC; ␣ϭ0.88). 37 Respondents rated each item on a 5-point scale ranging from strongly disagree to strongly agree. The scale was computed as an average of items. Modifıed versions of the WHC subscales for health norms measured employee perceptions of eating and physical activity behaviors of coworkers. 37 Items were selected and adapted to focus on at-work behavior. Four items asked about coworkers' physical activity behaviors at work and fıve about coworkers' eating habits at work. Seven response categories (almost none to almost all) estimated the number of coworkers who practiced specifıc behaviors. Negative items were reverse coded, with higher scores corresponding to healthier behaviors. Each scale was computed as an average. Psychometric testing indicated strong internal consistency (␣ϭ0.78, healthy eating; ␣ϭ0.74, physical activity).
Employee characteristics were assessed as potential intervention modifıers. Demographic factors included gender, age group, education, annual household income, and race/ ethnicity. Job characteristics included shift usually worked and whether the employee's occupation involved direct patient care, a marker of job flexibility. Baseline BMI was categorized as normal weight (BMI Ͻ25.0 kg/m 2 ); overweight (BMI 25.0 -29.9 kg/m 2 ); or obese (BMI Ն30.0 kg/m 2 ). At the two follow-up assessment points, a survey was administered to intervention site participants assessing participation in Step Ahead activities. Ten major intervention strategies were assessed: stairway signs, cafeteria signs, farmers' markets, walking groups, challenges, workshops and educational displays, newsletters, project website, project information center, and print materials. For each, participants were asked if they were aware of the strategy and if so, how often they used it, which was scored on a 5-point scale. Individual measures were summed across study years, giving each a range of 0 -10. A summary variable of intervention participation was created by summing the individual measures. The variable had a possible range of 0 -100, with higher scores indicating greater participation.
Statistical Analysis
Data were analyzed using survey procedures in Stata, version 10.1. All analyses were weighted to reflect the workforce population with respect to age, gender, race/ethnicity and occupation, accounting for the probability sampling design and probability of participants being retained at the 12-and 24-month follow-ups resulting from loss to follow-up. Survey linear regression models were used to estimate the effect of the intervention on BMI, employee perception of organizational commitment to employee health, and employee perceptions of coworker normative physical activity and dietary behaviors, while accounting for the complex sampling design. For all outcomes, both time-specifıc and annualized intervention effects were determined. The intervention effect was estimated for the overall study population and subgroups. Then, intervention effects across subgroups were compared. In addition, models were adjusted for gender, age, race/ethnicity, education, occupation, shift, and hours worked per week.
Classifıcation and regression tree (CART) analysis 38 -40 was used to compare rates of weight-gain prevention across segments of the workforce that were unique, mutually exclusive, and exhaustive with respect to intervention participation among employees in intervention sites. Stopping rules imposed include a minimum Gini improvement measure of 0.001, a maximum of fıve independent variables per terminal node, and a minimum of 200 employees (of the total workforce) per terminal node. The ten intervention participation measures were considered as independent variables. SPSS Answer Tree 2.0 software was used. The CART groups identifıed were then compared according to employee characteristics using contingency tables and chi-square statistics. Figure 1 presents study enrollment and retention. All six invited hospitals participated. The baseline response rate was 56% of eligible participants. Compared to participants, nonparticipants were more likely to be physicians (35.1% vs 58.1% for all other occupations) and men (51.1% vs 59.3% for women). Reasons given for not participating were lack of interest (56.3% of refusers); no time (19.4%); and personal health or family obligations (2.0%), with 22.4% giving no reason. The 24-month retention rate was 80% among all enrolled participants (648/806). The primary reason for loss to follow-up was no longer being employed (105/ 158). The 24-month retention rate among those who remained eligible was 94% (648/688). There were no signifıcant differences between conditions in response or retention rates.
Results
Enrollment and Retention Rates
Study Population
A description of the employee cohort is presented in Table 1 . The majority was female, non-Hispanic white, and overweight or obese. Compared to control sites, intervention site employees were more likely to be male, to have a graduate degree, to have a household income greater than $75,000 per year, and to work second or third shift.
Intervention Participation
As reported in Table 2 , the most commonly used activities were stairway and cafeteria signs and weekly newsletters, whereas the project website and participation in project challenges and walking groups were least frequently used.
Effect of the Intervention on Weight-Gain Prevention
There was no intervention impact on change in BMI. The estimated group difference in change in BMI was 0.272 (95% CIϭ Ϫ0.271, 0.782) from baseline to 12 months and 0.276 (95% CIϭϪ0.338, 0.890) from baseline to 24 months (Table 3) . Average adjusted BMI in the intervention and control conditions was 28.4 and 29.0 at baseline, 28.7 and 29.1 at 12 months, and 28.9 and 29.4 at 24 months, respectively. There were also no differences observed in each of the modifying variables examined (data not shown).
Analysis examining the association of extent of intervention participation with change in BMI suggested a relationship. For each unit increase in intervention participation (range: 0 -100), there was a decrease of 0.012 BMI units (95% CIϭ Ϫ0.025, 0.001; pϭ0.06) from baseline to 24 months. The threshold of intervention participation associated with weight-gain prevention was computed by dividing 0.5 (the hypothesized detectable BMI unit) by the observed regression coeffıcient of 0.012, which equals 41.7 (data not shown). This indicated that in order to achieve the intervention weight-gain-prevention benefıts, an individual needed an intervention participation score Ն41.7, of a possible 100 (mean sum of 12-and 24-month scoresϭ33). This was reported by approximately 27% of the workforce.
The CART analysis among intervention condition employees found fıve patterns of intervention participation associated with likelihood of no weight gain at 24 months (Figure 2) . The fıve patterns, from those most likely to prevent weight gain to those least likely to prevent weight gain were (1) frequent users of displays and workshops (6.9% of the workforce); (2) frequent readers/users of cafeteria nutritional signs and information (56.4% of the workforce); (3) readers of study newsletters (19.7% of the workforce); (4) frequent readers/users of stairway signs (8.7% of workforce); and (5) infrequent users of each intervention strategy (8.3%). There were signifıcant differences among the fıve CART groups on all demographic and work-related measures ( Table 4 ). The group most likely to prevent weight gain (Group 1) was characterized by a higher percentage of employees who were non-Hispanic white, aged Ͼ50 years, of higher educational and income level, obese, and who worked fırst shift and had no patient care responsibilities. The group least likely to prevent weight gain (Group 5) included a higher percentage of employees who were nonwhite, middle aged (41-50 years), of lower educational and income level, and who worked second or third shift. Table 5 reports that the intervention was associated with improved perceptions of organizational commitment to employee health at both 12 months (␤ϭ0.32, 95% CIϭ0.17, 0.47) and 24 months (␤ϭ0.37; 95% CIϭ0.20, 0.54). There was no effect on employee perceptions of coworker normative physical activity or dietary behaviors.
Effect of the Intervention on Normative Perceptions
Discussion
In this study of the effectiveness of an ecologic weight-gain-prevention intervention at hospital worksites over a 2-year period, no population-or subgroup-level effects on weight-gain prevention were observed. The intervention was successful in improving perceptions of organizational commitment but not in changing perceptions of coworker normative behaviors. It is important, however, to consider that changes in normative behavioral practices take time. An example of this is the long history of achieving reduction in tobacco use via individual, social, and political processes, which did include numerous worksite initiatives. 17 There has beenconsiderableemphasis on weight in mass media. Initiatives are underway in schools and communities, and changes are being made in local community and public policy. 41, 42 Education and commitment of the medical community to increase lifestyle change in their patients will also reinforce obesity-related efforts as has happened with other prevention initiatives. 25, 43 Over time, employer efforts should be an important force in changing normative patterns, as will public policy. 41, 44, 45 A trend was observed toward an association between greater intervention participation and weight-gain prevention. The rate of participation was not high enough to result in weight-gain prevention at the population level. Although employees were aware of Step Ahead branding, notably stairwell and cafeteria strategies, participation rates in more intensive intervention activities were not high. Several reasons may explain this. The study was conducted in a period of intensifying pressure for productivity in hospitals, which may have resulted in high levels of work-related stress and limited freedom to attend intervention activities. 17, 46 Implementation of hospital wellness programs is challenged by round-the-clock staffıng and lack of flexibility in the schedules of clinical workers. People who worked second and third shift were less likely to be frequent attendees of workshops and displays. These were offered at shift change (e.g., 7AM) and at breakfast and dinner hours, but they were most frequently offered during lunch hours. Shift workers are also potentially isolated from the prevailing organizational culture and environment. Future interventions specifıcally targeted at shift workers are important, as shift work is associated with health consequences. 47, 48 Employees involved in patient care may not have schedule flexibility to participate in some activities, especially in environments promoting effıciency and patient-centered care. For interventions to be successful, employees must have the opportunity to attend.
The CART analyses highlight that the group with the highest rate of weight-gain prevention was the one that had high levels of participation in intervention workshops and displays, strategies that required the employees' most active participation. Such participation may be driven by individual motivation, but ecologic models emphasize that motivation is further enhanced within a supportive environment. 11 These results support the notion that there is no one-size-fıts-all solution for controlling weight. The heterogeneity of the workforce may require that multiple types of strategies be used to achieve the necessary engagement of individuals, despite growing perceptions of commitment and norms. 49 -51 A growing number of studies have incorporated worksite policy and environmental modifıcations to promote healthy eating and physical activity. [52] [53] [54] [55] [56] Strategies such as point-of-purchase information, pricing strategies, and availability on food purchases from cafeterias and vending machines have resulted in improvements in purchase and eating of healthy foods. 52, 53 With respect to physical activity, ecologic approaches that combine on-site access to fıtness facilities with individually targeted outreach efforts, such as educational and behavioral skills training programs, have produced increases in physical activity, compared to access alone. 54 Although not specifıc to worksites, research has demonstrated that providing decisional prompt signage promoting use of stairs over elevators and providing attractive stairway environments, such as carpeting, signage, or art and music can promote physical activity. 54 -56 Despite the potential of these approaches, they had not previously been studied in relation to weight control outcomes. Previous worksite interventions focusing on weight control have largely included multistrategy approaches, such as didactic education and groups, targeting weight loss among volunteers. 16 Overall, these approaches have observed modest short-term success. Prior to NHLBI's Overweight and Obesity Control at Worksites initiative, no previous worksite study examined the long-term impact of ecologic interventions targeting weight-gain prevention. The
Step Ahead intervention incorporated strategies such as cafeteria and stairway signage that had previously shown promise in improving behaviors that are associated with weight control, in addition to other strategies promoting social and organizational normative changes. This approach was effective only among people motivated/able to participate. Recent efforts to promote worksite wellness have called for policy approaches that were not included in the Step Ahead intervention, such as monetary compensation and reduced health insurance rates. 26 Inclusion of similar policy approaches in the context of a multicomponent Figure 2 . Classification tree results intervention may facilitate greater participation than what was observed in this study. This study has strengths and limitations. Although hospitals pose challenges because of organizational complexity, hospitals across the country share similar missions and organizational structures. The employee population was diverse and similar to the overall U.S. population with respect to educational attainment. 57 These factors strengthen generalizability. Hospitals are important intervention targets because workers are potential models of healthy lifestyles for patients and the community. Additional strengths are a strong design, including a representative cohort allowing inference to the worksite population and the high retention rate. Study limitations include the low baseline response rate. However, the BMI distribution of the sample was similar to the U.S. population overall, 5 making the direction of any bias diffıcult to determine. Because there were so many departments and shifts, resources were not available to actively target specifıc groups with existing interpersonal ties. Instead, the intervention relied on existing groups to take advantage of intervention activities. A similar intervention may have been more effective in smaller worksites. The intervention participation data were collected via self-report, which is subject to social desirability bias.
Conclusion
Study fındings suggest that worksite-based ecologic interventions can succeed in preventing weight gain among employees who engage in offered interventions. Future interventions should include strategies to actively facilitate participation of employees who may not be selfmotivated as well as organization-wide strategies that demonstrate leadership support for worker health. Increased recognition of social context within worksites and targeting intervention strategies at the interpersonal level to improve actual and perceived social norms may also improve behaviors related to healthy weight, and future interventions should be designed to test this.
Funding came from the NHLBI, grant 5R01HL079483. The NHLBI is not responsible for the content of this article. We thank Walter Ettinger, MD, John Polanowicz, and Patrick Muldoon, presidents of participating hospitals University of Massachusetts Memorial Medical Center, Marlborough Hospital, and HealthAlliance Hospital and their human resources, facilities, food services, information services, marketing, public relations, administrative, and clinical staff who supported this study. We also thank the Public Affairs department at University of Massachusetts Medical School. Thanks to employees who volunteered on Advisory Boards and Committees and to the hundreds of participants in the current evaluation sample. Thanks to Christine Foley who developed and produced materials and assisted with data collection, and to recruiters/data collectors: Betsy Costello, Caroline Cranos, Barbara Glidden, Susan Bakke, and Valerie Ugrinow. We thank Denise Jolicoeur for assistance with intervention development and delivery and work with Employee Advisory Boards, and Kathy Leung for data management. Hall-Foushee Communications Inc. provided the overall design of the logos, materials, and social marketing campaign.
No fınancial disclosures were reported by the authors of this paper. Did you know? The AJPM online archive includes issues back to 1998.
Visit www.ajpm-online.net today!
